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Abstract
Introduction Traumatic brain injury is followed by secondary
neuronal degeneration, largely dependent on an inflammatory
response. This response is probably gender specific, since
females are better protected than males in experimental
models. The reasons are not fully known. We examined
aspects of the inflammatory response following experimental
TBI in male and female rats to explore possible gender differ-
ences at 24 h and 72 h after trauma, times of peak histological
inflammation and neuronal degeneration.
Methods Apenetrating brain injury model was used to produce
penetrating focal TBI in 20 Sprague-Dawley rats, 5 males and 5
females for each time point. After 24 and 72 h the brains were
removed and subjected to in situ hybridization and immunohis-
tochemical analyses for COX-2, iNOS, osteopontin, glial fibril-
lary acidic protein, 3-nitrotyrosine, TUNEL and Fluoro-Jade.
Results COX-2 mRNA and protein levels were increased in
the perilesional area compared to the uninjured contralateral
side and significantly higher in males at 24 h and 72 h
(p<0.05). iNOSmRNAwas significantly increased in females
at 24 h (p<0.05) although protein was not. TUNEL was

increased in male rats after 24 h (p<0.05). Glial fibrillary
acidic protein, osteopontin, 3-nitrotyrosine and Fluoro-Jade
stained degenerating neurons were increased in the
perilesional area, showing no difference between genders.
Conclusions COX-2 regulation differed between genders af-
ter TBI. The increased COX-2 expression in male rats corre-
lated with increased apoptotic cell death detected by increased
TUNEL staining at 24 h, but not with neuronal necrosis
measured by Flouro-Jade. Astrogliosis and microgliosis did
not differ, confirming a comparable level of trauma. The
gender-specific trait of the secondary inflammatory response
may be connected to prostaglandin regulation, which may
partially explain gender variances in outcome after TBI.

Keywords TBI . COX-2 . iNOS . Sex . Gender . Secondary
inflammation

Introduction

Traumatic brain injury (TBI) is a leading global cause of
death, which accounts for a major part of death and disability
among young people in the industrialized world [13]. Follow-
ing the initial trauma, secondary processes including inflam-
mation have additional adverse effects on the brain. So far, no
pharmacological intervention has been deemed effective to
prevent secondary neuronal damage [21]. Outcome reflects
the natural progress of the secondary inflammation, dependent
on the initial traumatic forces and phenotype.

Autoimmune CNS inflammation differs between genders
[27]. Some of these differences may be related to posttraumat-
ic CNS inflammation, with expression of pro- and
antiinflammatory enzymes with both protective and deleteri-
ous effects [44]. In experimental TBI, females are more resis-
tant to TBI than males [23, 35]. In humans, epidemiological
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studies showed more contradictory results on gender-
associated morbidity. Female gender correlated with reduced
mortality and complication rates after TBI in some studies [15,
9, 2], while other studies found no gender association [33, 14]
or even higher mortality in in females [7, 29].

The reasons for the female protection in animal models
remain unclear, but may be related to female sex hormones.
Edema formation and intracranial pressure after TBI vary ac-
cording to the estrus cycle [18]. Progesterone reduces lipid
peroxidation and suppresses neuronal hyperexcitability, leading
to membrane stabilization [35]. Two important proinflammatory
enzymes are COX-2 and iNOS. COX-2 catalyzes the first step
of the synthesis of arachidonic acid derivatives including pros-
tacyclin, prostaglandins and thromboxanes. COX-2 is involved
in fundamental brain functions such as synaptic activity, mem-
ory consolidation and functional hyperemia, but is also rapidly
induced in response to growth factors, cytokines and proinflam-
matory mediators [25]. Interestingly, progesterone pretreatment
inhibits COX-2 expression and PGE2 synthesis inmale rats [39].

In a brain ischemia-reperfusion model male mice showed
increased levels of proinflammatory enzymes COX-2, NOX-2
and VCAM-1 compared to females [3]. Progesterone inhibits
COX-2 expression in male rats after TBI, together with PGE2
and TNFα [39]. We therefore hypothesized that the expression
of COX-2 and iNOS would differ between males and females
also after penetrating focal TBI. iNOS is induced following
inflammatory stimuli and accounts for a major part of the nitric
oxide (NO) produced in the brain after TBI, leading to oxidative
damage [28]. In addition, we analyzed markers of astrogliosis,
microgliosis, oxidative stress and neuronal death to further char-
acterize the gender-dependent response after 24 h, the peak of
posttraumatic inflammation in experimental brain trauma [1, 32].

Materials and methods

All experiments were approved by the Swedish ethics com-
mittee (N255/09 and N81/13). Five male and five female
Sprague-Dawley rats were exposed to penetrating focal TBI
as described by Plantman et al. [32] and killed at 24 h. Sam-
ples from a separate study with equally treated rats (5 males
and 5 females) and animals killed at 72 h were included post
hoc to corroborate the experimental findings regarding COX-
2 and Fluoro-Jade. Briefly, Sprague-Dawley rats weighing
between 250 and 300 g were anesthetized by a 2.4 ml/kg
intra-abdominal injection of a mixture of 1 ml midazolam
(5 mg/ml), 1 ml Hypnorm (VetaPharma, Leeds, UK) and
2 ml dH20. A midline incision was made through the skin
and periosteum, and a 2.7-mm-diameter burr hole was drilled
with its center 3 mm lateral and 3 mm posterior to the bregma.
The rat was placed in a stereotactic frame and positioned with
the probe directly above the dura mater. A lead pellet was
accelerated by air pressure hitting a metal cylinder probe with

an attached carbon fiber pin with a tip radius of 1 mm. Depth
of penetration into the brain by the pin was limited to 5 mm.
After the injury, the craniotomy was left open and the skin
sutured. The rats were subsequently killed by an overdose of
pentobarbital. The brains were snap frozen and cut into 14-μm
coronal and horizontal sections using a Microm HM560 cryo-
stat. The frozen sections were mounted onto Thermo Scien-
tific Superfrost plus slides and stored at -70 °C.

Radioactive in situ hybridization (ISH) was done according
to Dagerlind et al. [5]. The 48-mer oligonucleotides were
manufactured by Cybergene AB (Huddinge Sweden) using
the sequences shown in Table 1. Primary and secondary
antibodies for immunohistochemistry and immunofluores-
cence are shown in Table 1. Detection was performed by the
ABC method (Vectastain Elite ABC peroxidase kit, Vector
Labs, Burlingame, CA, USA) or immunofluorescence. Sec-
tions were rehydrated in PBS followed by fixation in 4 %
formaldehyde, incubation in 0.3 %H2O2, incubation for 1 h in
bovine serum albumin (BSA) with 0.3 % Triton X-100, sodi-
um azide and avidin block solution, and incubation over night
at 4 ° C with the primary antibody. Sections were incubated
for 1 h with a biotinylated secondary antibody and incubated
with avidin-biotin complex for 1 h followed by DAB and
counterstaining with HTX and Pertex mount (Histolab Prod-
ucts AB, Göteborg, Sweden). For immunofluorescence, sec-
tions were mounted with ProLong Gold antifade (Life Tech-
nologies, Grand Island, NY, USA). After fixation with 4 %
formaldehyde, Fluoro-Jade sections were incubated for
10 min with 0.06 % KmNO4 followed by 30 min incubation
with Fluoro-Jade B before being washed in dH2O and dried on
a 50 °C hot plate and mounted with Pertex. TUNEL staining
was done with TACS 2 TdT-Blue Label in situ Apoptosis
Detection Kit (Trevigen, Gaithersburg, MD, USA) according
to the manufacturer’s instructions.

The region of interest (ROI) was defined in coronal sec-
tions medially by the interhemispheric fissure and the midline,
basally by the lower part of the third ventricle and laterally by
the lateral border of the right hemisphere. Sections were
analyzed in mid-lesion at approximately the bregma -
3.86 mm level (Fig. 1). In horizontal sections, the ROI was
defined medially by the interhemispheric fissure and the mid-
line, dorsally by the dorsal cerebral border and laterally by the
lateral border of the right hemisphere. Sections were analyzed
in mid-lesion at approximately the bregma -1.70 mm level
(Fig. 1). The central necrotic part of the contusion was omitted
from the ROI. The brain region for quantification in the
contralateral side correlated to the region in the ipsilateral side.

Sections were digitally photographed in 4×–20× magnifi-
cation using a Nikon Eclipse E600microscope. Quantification
of the ISHwas done by batch processing in ImageJ [38] by the
f o l l ow ing s c r i p t : r un (“8 -b i t ” ) ; r un (“ I nve r t ” ) ;
setAutoThreshold (“Yen/default”); //run(“Threshold…”);
run(“Measure”). The integrated intensity was calculated [∑
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pixel intensity (corrected for background) × area], reflecting
the level of staining. Quantification of COX-2 ISH was done
manually by a blinded assessor because of the inability of the
software to measure the response to this probe satisfactorily.
The pictures were ranked according to the following system:
0=no staining; 1=weak staining; 2=clearly defined staining;
3=heavy staining. Sixteen to 80 pictures per animal were
analyzed depending on resolution. Quantification of stained
cells was done manually by cell counting according to our
earlier experience, in 20×–40× magnification [10]. Four to 32
pictures per animal were analyzed.

Statistical analyses were done by GraphPad Prism version
6.01 for Windows (GraphPad Software, La Jolla, CA, USA).
All systems (detection methods) were tested for normal dis-
tribution by the Kolmogorov-Smirnov test with Dallal-
Wilkinson-Liliefors correction. The systems that passed the
normality test (COX-2 24-h ISH/IF and 72-h ISH, iNOS 24-h
ISH/IH, 3-nitrotyrosine, osteopontin ISH/IF, GFAP, TUNEL,
FJ 24 h) were tested for statistical inference by one-way
ANOVA followed by Tukey’s post-test. The systems that
failed the normality test (COX-2 72-h IF, FJ 72-h) were tested
for statistical inference by the non-parametric Kruskal-Wallis
ANOVA followed by Dunn’s post-test. All error bars repre-
sent the standard error of the mean. P<0.05 was considered
significant.

Results

The experimental trauma produced a penetrating focal injury
to the brain consisting of a central necrotic cavity surrounded

by a perilesional area consisting of damaged but still
viable cells (Fig. 1). All measurements were made in
the ROI. Representative photomicrographs are seen in
Figs. 2, 3 and 4.

COX-2 mRNA increased on the ipsilateral side at 24 and
72 h following TBI, with higher expression inmale rats at 24 h
and 72 h (p<0.05). The expression was found in the entire
ipsilateral cortex. Weak expression was seen in the dorsal and
inferior cortex on the contralateral side with no difference
between genders (Figs. 1a-b,e-f, 2, 5a,c).

COX-2 protein increased in the cortex on the ipsilateral
side at 24 h and 72 h following TBI, with higher expression in
male rats at 24 h and 72 h (p<0.05). The protein expression
pattern matched spatially with the mRNA expression in the
ipsilateral cortex with no elevated expression in the
perilesional area. Weak expression was seen in the dorsal
and inferior cortex on the contralateral side with no difference
between genders (Figs. 1c-d,g-h, 3, 5b-d).

iNOS mRNA increased in the perilesional area at 24 h
following TBI, with higher expression in female rats
(p<0.05). No upregulation was seen on the contralateral side.
No correlation with COX-2 mRNA/protein was seen (Fig. 1i-
j, 2, 5e).

iNOS protein increased in the cortex on the ipsilateral side
at 24 h following TBI with no difference between genders.
The protein expression pattern matched spatially with the
mRNA expression in the perilesional area. No upregulation
was seen on the contralateral side (Figs. 1k-I, 2, 5f).

Osteopontin mRNA increased specifically in the
perilesional area but also diffusely on the ipsilateral side at
24 h following TBI with no difference between genders. No

Table 1 Reagents and antibodies used for immunostaining and oligonucleotides used for in situ hybridization

Antibody Specificity Species Source Product no. Dilution

iNOS Inducible NOS Rb Transduction Labs N32030 1:800

Fluoro-Jade B Degenerating neurons N/A Millipore AG310 0.0004 %

3-NT 3-Nitrotyrosine mo Abcam ab61392 1:250

GFAP Glial fibrillary acidic protein Rb Abcam ab33922 1:1,000

OPN Osteopontin Go Abcam ab11503 1:50

COX-2 Cyclooxygenase 2 Rb Abcam ab15191 1:500

Cy3 Secondary, fluorescent Do α Rb Jackson Labs 711165152 1:500

Biotinyl. ab Secondary, ABC method Go α Rb Vector Labs BA-1000 1:200

mRNA probe Specificity Species Entrez Nucleotide Sequence

COX-2 Cyclooxygenase 2 Rat L20085.1 5′TGGAGTGGGAGGCACTTGCGTTGATGGT GGCTGTCTTGGT
AGGCTGCG3

OPN Osteopontin Rat AB001382.1 5′GACTTGACTCATGGCTGGTCTTCCCGTTG CTGTCCTGATCA
GAGGGCA3'

GFAP Glial fibrillary acidic protein Rat NM_017009.2 5'GGTGGTCTGTGCCGTCCATGAGACTCCG CACTGACCGAGC
CGTGGGCA3'

iNOS Inducible NOS Rat NM_012611.3 5′CACGGCAGGCAGCGCATACCACTTCAGC CCGAGCTCCTGG
AACCACTC3'
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Fig. 1 Illustrations of coronal (COX-2, iNOS, OPN, GFAP, 3-NT,
TUNEL, FJ) and horizontal (COX-2, FJ) rat brain slices, with the
central necrosis and perilesional area outlined. The distribution for each

marker is illustrated by dots and lines (the area of staining). ISH in situ
hybridization, IH, immunohistochemistry, IF immunofluorescence, FJ
Fluoro-Jade
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upregulation was seen on the contralateral side (Figs. 1m-n, 4,
6a).

Osteopontin protein increased in the perilesional area at
24 h following TBI with no difference between genders. No
upregulation was seen on the contralateral side (Figs. 1o-p, 4,
6b).

GFAPmRNA increased specifically in the perilesional area
but also diffusely on the ipsilateral side at 24 h following TBI
with no difference between genders. Weak expression was
seen in medial parts of the contralateral side. (Fig. 1q-r, 4, 6c).

GFAP protein showed positive staining on the ipsilateral
and contralateral side, showing no difference between sides
and no difference between genders (Figs. 1s-t, 4, 6d).

Three-nitrotyrosine increased in the perilesional area at
24 h, corresponding to the iNOS mRNA/protein. No differ-
ence was seen between genders. No upregulation was seen on
the contralateral side, corresponding to the absence of iNOS
mRNA and protein (Figs. 1u-v, 4, 6e).

TUNEL staining indicative of apoptosis was increased on
the ipsilateral side at 24 h following TBI with higher expres-
sion in male rats (p<0.05). TUNEL expression was dispersed
in the entire ipsilateral cortex, but predominantly in the hip-
pocampus. No upregulation was seen on the contralateral side
(Figs. 1x-y, 4, 6f).

Fluoro-Jade-stained neuronal degeneration increased in the
perilesional area at 24 h and 72 h following TBI, with no

difference between genders. No upregulation and no differ-
ence between genders was seen in the contralateral side at 24
or 72 h (Figs. 1z-cc, 4, 6g-h).

Discussion

In this study we found a significantly increased COX-2 re-
sponse in male rats compared to females at 24 h following
penetrating focal TBI. This provided for a putatively higher
production of prostaglandins and a more extensive inflamma-
tory response, which would be expected to cause increased
neuronal damage unless balanced by simultaneous upregula-
tion of protective mechanisms. The study was originally de-
signed to measure the inflammatory response at 24 h, but a
limited number of sections from animals undergoing identical
trauma and killed at 72 h were available, so the COX-2
expression could be confirmed at an additional time point.
The gender difference was thus a robust finding and probably
generalizable to all Sprague-Dawley rats.

The penetrating model is a newly described model of focal
TBI. It leads to cell death and cavity formation, hemorrhage,
neurodegeneration, gliosis and a deficiency in reference mem-
ory, likely due to injuries of the cortex and the hippocampus
[32]. The tissue loss and high reproducibility of the model
facilitated the main objective of the study, the detection of

Fig. 2 Photomicrographs of
brain slices with COX-2 in situ
hybridization (ISH), iNOS in situ
hybridization (ISH) and iNOS
immunohistochemistry (IH).
Male, female and contralateral
sides are shown. Due to the
negative nature of the
contralateral side, for illustrative
purposes this is shown only in
males
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putative differences in inflammatory activity between gen-
ders, which may have been undetected in other models of
TBI. Comparisons were made between the injured and intact
hemispheres, in line with our studies of identical or compara-
ble inflammatory markers [10, 31]. Sham-treated animals
were excluded as they would be irrelevant to the specific
hypothesis and weaken the statistical power in the comparison
of groups.

COX-2 mRNA and protein increased on the ipsilateral
side, which corroborated earlier findings in diffuse TBI be-
tween 3 h and 7 days [4]. Surprisingly, the expression was
located in the cortex of the entire hemisphere rather than the
perilesional area, similar to the pattern of nestin expression in
KCl-induced spreading depression [12]. It is probable that
different mechanisms of upregulation explain hippocampal,
perilesional and hemispheric-cortical patterns of expression
and that spreading depression is one of these mechanisms
[42].

TUNEL staining indicative of apoptotic activity was in-
creased in male rats at 24 h. Due to the limited availability of
72-h sections, only 24-h sections were analyzed. We have
previously shown that TUNEL staining peaked between 24–

72 h [34] and neuronal death detected by Fluoro-Jade at 24 h
after penetrating focal TBI [32], which is why we believed
that the difference at 24 h was relevant. It is probable that
differential cell death was mainly a difference in apoptosis,
since Flouro-Jade findings, indicating necrotic or pronecrotic
neurons, were similar in both genders. A long-term experi-
ment is needed to determine the kinetics and final outcome
regarding neuronal degeneration.

Growth factors, tumor promoters, hormones, bacterial en-
dotoxin and cytokines increase COX-2 levels in neurons, glial
cells, endothelial cells and infiltrating blood cells [41]. Its role
in CNS pathology is contradictory. COX-2 has both adverse
and protective effects in multiple sclerosis, amyotrophic lat-
eral sclerosis, Parkinson’s disease, Creutzfeldt-Jakob’s disease
and Alzheimer’s disease [25]. After TBI, COX-2 inhibition
improves cognition and motor function [4], and COX-2-
derived prostanoids appear to be toxic in NMDA-related
neurotoxicity [19], although prostaglandins also induce
VEGF expression and angiogenesis after CNS trauma [40].
Our findings of increased COX-2 expression and increased
levels of degenerating TUNEL-positive cells in males were
compatible with these findings and also suggest a detrimental
influence of COX-2-mediated inflammation. Moreover, Si
and coworkers described a mechanistic relation between pro-
gesterone and COX-2 that agrees with our findings: proges-
terone treatment decreased COX-2 expression and levels of
PGE2 and TNF-alpha in male rats [39].

iNOS mRNA and protein increased on the ipsilateral side
at 24 h with no expression on the contralateral side, correlating
to our earlier findings ofmild tomoderate TBI [10, 8]. iNOS is
upregulated by transcription factors NFkB, STAT-1, IRF-1
and AP-1 and is a main producer of NO following TBI,
causing oxidative stress [24, 28]. In contrast to reports of
ischemic brain injury [30], iNOS mRNA was increased in
females although not found in protein. Gender differences
are possible, but results remain contradictory between trauma
models.

COX-2 and iNOS were not spatially coexpressed in the
brain. iNOS and COX-2 are upregulated following interrelat-
ed inflammatory stimuli [26], and NO also modulates cyclo-
oxygenase activity and eicosanoid production [22]. After TBI,
both iNOS and COX-2 are expressed in microglia [16], with
similar relationships found in MS plaques [36] and ALS [25].
Our results do not support a broad coregulation of iNOS and
COX-2 as a consequence of the inflammatory environment.

Peroxynitrite measured by surrogate marker 3-
nitrotyrosine was increased in the perilesional area, although
showing no difference between genders. NO reacts with su-
peroxide to produce the highly deleterious peroxynitrite after
TBI [17]. We suggest that the gender-specific inflammatory
regulation did not primarily involve reactive oxygen species.

COX-2 may be affected by the general inflammatory re-
sponse and influence putative gender specificity. We therefore
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Contralateral

72h

Blue: DAPI
Green: Cox-2/488

3 mm

Fig . 3 Photomic rog raphs of b ra in s l i c e s wi th COX-2
immunofluorescence at 24 h and 72 h. COX-2 was increased on the
ipsilateral side compared to the contralateral side in both genders. Male
rats had a significant ipsilateral increase compared to females at both 24 h
and 72 h (p<0.05). DAPI and COX-2/Alexa 488 pictures merged in
Adobe Photoshop CS5
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Fig. 4 Photomicrographs
showing brain slices with
osteopontin (OPN) in situ
hybridization (ISH) and
immunofluorescence, GFAP in
situ hybridization (ISH) and
immunofluorescence (IF), 3-
nitrotyrosine (3-NT)
immunofluorescence (IF),
TUNEL and Fluoro-Jade.
TUNEL-stained apoptotic cells
were increased in male rats at 24 h
(p<0.05). Due to the negative
nature of the contralateral side, for
illustrative purposes this is shown
only in males

Acta Neurochir (2015) 157:649–659 655



: Cox-2 24h ISH

Male
 ip

sil
ate

ral

Fem
ale

 ip
sil

ate
ral

Male
 co

ntra
lat

era
l

Fem
ale

 co
ntra

lat
era

l
0.0

0.5

1.0

1.5

2.0

2.5
p<.05

: Cox-2 24h IF

Male
 ip

sil
ate

ral

Fem
ale

 ip
sil

ate
ral

Male
 co

ntra
lat

era
l

Fem
ale

 co
ntra

lat
era

l
0

2.0 106

4.0 106

6.0 106

8.0 106 p<.05

: Cox-2 72h ISH

Male
 ip

sil
ate

ral

Fem
ale

ipsil
ate

ral

Male
 co

ntra
lat

era
l

Fem
ale

co
ntra

lat
era

l
0

1

2

3

4
p<.05

: Cox-2 72h IF

Male
 ip

sil
ate

ral

Fem
ale

 ip
sil

ate
ral

Male
 co

ntra
lat

era
l

Fem
ale

 co
ntra

lat
era

l
0

1.0 107

2.0 107

3.0 107

4.0 107 p<.05

Male
 ip

sil
ate

ral

Fem
ale

 ip
sil

ate
ral

Male
 co

ntra
lat

era
l

Fem
ale

 co
ntra

lat
era

l
0

5.0 106

1.0 107

1.5 107
p<.05

Male
 ip

sil
ate

ral

Fem
ale

 ip
sil

ate
ral

Male
 co

ntra
lat

era
l

Fem
ale

 co
ntra

lat
era

l
0

50

100

150

a b

dc

e: iNOS 24h ISH f: iNOS 24h IH
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Fig. 6 Quantification of
osteopontin, GFAP in situ
hybridization (ISH) and
immunofluorescence (IF), 3-
nitrotyrosine
immunohistochemistry (IH),
apoptotic cells by TUNEL and
degenerating neurons by Fluoro-
Jade. TUNEL-positive cells were
significantly increased in male
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measured osteopontin and GFAP as indicators of the general
inflammatory response. Osteopontin is an extracellular glyco-
sylated phosphoprotein synthesized by macrophages and ac-
tivated microglia, which increases following TBI as an indi-
cation of microgliosis [31]. GFAP is an intermediate filament
protein that increases in astrocytes following CNS damage
[6]. Osteopontin mRNA and protein increased in the
perilesional area with little upregulation contralaterally. No
difference between genders was found. GFAP mRNA in-
creased in the perilesional area with little upregulation
contralaterally. No difference between genders was found.
Protein levels did not differ between sides, which may reflect
the delayed protein synthesis compared to mRNA synthesis.
The inflammatory response hence included macrophage, mi-
croglia and astrocyte activation, showing no intensity differ-
ence between genders, further emphasizing the specificity of
the differential COX-2 regulation observed in the study.

We aimed to describe major inflammatory markers and
enzymes in male and female rats given the unknown mecha-
nistic links in female neuroprotection, which may be unrelated
to sex hormones. The 4-day estrous cycle in rats is not syn-
chronized in animals held in cages [20, 37]. It would be
experimentally difficult to control rapid hormonal cycles,
and cycle staging requires a thorough histological examina-
tion of the reproductive organs [43]. Therefore, we could not
correct for the estrous cycle, potentially leading to a type 2
error, failure to detect hormone-related differences. Even so,
the difference in COX-2 regulation was robust at two different
times so the estrous cycle was not a probable confounding
factor. Sequential studies should aim for estrous cycle correc-
tion, but this lies beyond the scope of this initial study.

We did not assess potential downstream events as a result
of the differential regulation of COX-2. COX-2, like many
inflammatory regulators, shows alternating protective and
deleterious properties. These are likely to be a result of the
ever-changing dynamics of the inflammatory process. Inhibi-
tion of COX-2 after experimental TBI has produced both
protective and deleterious effects [11]. COX-2 inhibitors
may thus not be universally beneficial after TBI. Nevertheless,
we have detected a possible mechanism that may explain
different outcomes of TBI in females and males, warranting
further experimental challenge.

Conclusion

COX-2 regulation and TUNEL, indicative of apoptosis, dif-
fered between male and female rats following TBI.
Astrogliosis and microgliosis did not differ, confirming a
comparable level of trauma. It is possible that the gender-
specific trait of the secondary inflammatory response may be
connected to prostaglandin regulation, which may partially
explain gender-specific outcomes after TBI.
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